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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention is directed to coolant compositions, particularly coolant 
compositions useful in fuel cells, and to fuel cells containing such 
coolant compositions. The coolant compositions or heat transfer fluids 
of this invention have and retain low electrical conductivity through 
extended periods of use. These coolants or heat transfer fluids are 
composed of a base composition and an additive package which imparts the 
property of retaining low electrical conductivity for extended periods 
of time. The base composition can be de-ionized water (DI water) alone 
or a mixture of DI water and a freezing point depressant of the types 
well-known in the art (e.g., propylene glycol). The additive package 
contains an organic corrosion inhibitor and a polymeric ion suppressant. 
The use of both components of the additive package is important. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The phosphorus -containing compound of the present invention is 

represented by the following formula (I), (II) or (III): ##STR1## 

wherein Z.sup.l, Z.sup.2 and Z.sup.3 each represents a cycloalkane, a 
cycloalkene, a polycyclic aliphatic hydrocarbon or an aromatic 
hydrocarbon rings which may have a substituent; R represents a halogen 
atom, a hydroxyl, a carboxyl , a halocarboxyl (haloformyl) , an alkyl, an 
alkoxy, an alkenyl or an aryl groups; A represents a polyvalent group 
corresponding to an alkane; Y.sup.l, Y.sup.2 and Y.sup.3 each represents 
--0--, --S-- or --NR. sup. 1-- , wherein R.sup.l represents a hydrogen atom 
or an alkyl group; k is an integer of to 6; m is an integer of 0 to 2; n 
is an integer of not less than 1; q is an integer of 0 to 5; r is 0 or 
1; and S is an integer of 1 to 4 . 

The phosphorus -containing compound is excellent in heat resistance and 
is useful as flame retardants, plasticizers , or stabilizers. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process prepares impact -modified thermoplastic molding compositions 
which comprise a soft phase made from a rubber dispersed in a hard 
matrix composed of vinylaromatic monomers, where the hard matrix is 
prepared by anionic polymerization in the presence of a metal alkyl 
compound or a metal aryl compound of an element of the second or third 
main group, or of the second subgroup, of the Periodic Table. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT 



AB 



Process for manufacturing temperature-sensitive polymers 
utilizing a heat transfer fluid comprising 

a hydrocarbon fluid selected from aliphatic hydrocarbons, alicyclic 

hydrocarbons, aliphatic- or alicyclic-substituted aromatic hydrocarbons, 

or mixtures thereof, the hydrocarbon fluid having a boiling point from 

220° C. to 250° C. and a melting point less than 

40° C. , and temperature-sensitive polymer articles produced 

therefrom. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An anionically polymerized impact-modified polystyrene has a 

yield stress of at least 24 MPa, measured at 23° C. to DIN 53455 
and a hole impact strength of at least 11 kJ/m.sup.2, measured at 
23° C. to DIN 53753, measured in each case on a specimen produced 
to ISO 3167. A preparation process is described. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention relates to a method for removing unreacted monomers and 

other volatile matters from a polymer solution composition produced from 
a mixture containing an aromatic vinyl monomer, utilizes two or more 
flash devolatilizing vessels, and effects the removal by adjusting the 
solid content of the polymer solution composition at the outlet of the 
devolitilizer before the last-stage devolitilizer to a level in excess 
of 97%, adding 0.5-4 parts by weight of a foaming agent to the total 
polymer solution composition, passing the polymer solution composition 
through the last-stage devolitilizer while maintaining the pressure of 
the polymer solution at 10 kg/cm.sup.2 or more by means of a pressure 
controller and the temperature in the range 190-260° C, 
introducing the polymer solution composition to a vapor-liquid 
separation vessel maintained at a vacuum of 20 Torr or less, and 
allowing the composition to foam. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Methods for devolatilizing polymer solutions have been invented which 
include, in certain aspects, dissolving a viscous polymer in a solvent 
forming a polymer-solvent solution, introducing the polymer- solvent 
solution into a thermal dryer, heating or cooling the polymer- solvent 
solution in the thermal dryer forming product polymer with solvent 
removed and separated solvent (which may include other residuals) , the 
separated solvent with other residuals if present vaporizing in the 
thermal dryer forming a vapor, removing the vapor from the thermal 
dryer, and discharging product polymer from the thermal dryer. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB The present invention provides processes for preparing polyesters. The 

processes include (a) providing a polymerization medium comprising 
carbon dioxide, (b) contacting a monomer capable of forming a polyester 
polymer with the polymerization medium, and (c) polymerizing the monomer 
in the polymerization medium. The processes of the present invention 
include preparing polyesters by direct esterif ication polymerization, 
transesterif ication polymerization, melt acidolysis polymerization and 
acid halide polymerization. As a further aspect, the present invention 
provides a method of separating the polyester produced from the 
polymerization medium. Polyester polymers prepared according to the 
methods of the present invention are also provided. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB 



The present invention provides processes for preparing polyesters. The 
processes include (a) providing a polymerization medium comprising 
carbon dioxide, (b) contacting a monomer capable of forming a polyester 
polymer with the polymerization medium, and (c) polymerizing the monomer 
in the polymerization medium. The processes of the present invention 
include preparing polyesters by direct esterif ication polymerization, 
transesterif ication polymerization, melt acidolysis polymerization and 
acid halide polymerization. As a further aspect, the present invention 



provides a method of separating the polyester produced from the 
polymerization medium. Polyester polymers prepared according to the 
methods of the present invention are also provided. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB A solution polymerization system for polymerizing a olefin monomer by 
reacting the monomer with catalyst and solvent has been invented. The 
system in one aspect including a flow loop with a product polymer 
outlet, the flow loop forming a recycling reactor, a catalyst inlet on 
the flow loop through which catalyst and solvent flow into the flow 
loop, a monomer inlet on the flow loop through which monomer and solvent 
flow into the flow loop and, with the catalyst, form a reactant 
materials stream, a first heat exchanger on the flow loop for receiving 
the reactant materials stream and any formed polymer and for removing 
heat of reaction or polymerization from the flow loop, and pump 
apparatus for pumping the reactant materials stream and formed polymer 
in the flow loop and from the first heat exchanger to the product 
polymer outlet. In one aspect, the system includes at least one 
additional heat exchanger on the flow loop for receiving the reactant 
materials stream and formed polymer and for removing heat of reaction or 
polymerization from the flow loop, the pump apparatus pumping formed 
polymer and remaining reactant materials to the product polymer outlet, 
and a portion of the formed polymer and remaining reactant materials 
flowing out from the product polymer outlet and the remainder recycling 
through the flow loop. In one aspect systems and methods according to 
the present invention are used to make polyethylene. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention disclosed provides a method for producing 

ultramicrocellular polymer foams at low pressures. A polymer is 
saturated with a blowing agent at low temperatures and pressures within 
a short time period, due to retrograde vitrification. The blowing agent 
may be in the form of a gas or a volatile liquid. Polymer -blowing agent 
combinations are selected to provide a processing temperature/pressure 
in the area below the positive slope portion of the retrograde 
vitrification profile of the glass transition temperature of the polymer 
versus pressure. The polymer thus saturated has an exceptionally high 
blowing agent content, and is then foamed to produce materials with 
small cells and high cell density. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides processes for preparing polyesters. The 

processes include (a) providing a polymerization medium comprising 
carbon dioxide, (b) contacting a monomer capable of forming a polyester 
polymer with the polymerization medium, and (c) polymerizing the monomer 
in the polymerization medium. The processes of the present invention 
include preparing polyesters by direct esterif ication polymerization, 
transesterif ication polymerization, melt acidolysis polymerization and 
acid halide polymerization. As a further aspect, the present invention 
provides a method of separating the polyester produced from the 
polymerization medium. Polyester polymers prepared according to the 



methods of the present invention are also provided. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process is described for the preparation of polyesters by 

polycondensation of dicarboxylic acid-diol precondensates (oligomers) at 
elevated temperature in a liquid heat transfer medium in the presence of 
customary polycondensation catalysts and, if appropriate, cocondensable 
modifying agents, wherein the Liquid heat transfer medium is inert and 
free of aromatic structural groups and has a boiling point in the range 
from 200° to 320° C. , wherein the weight ratio of 

dicarboxylic acid-diol precondensate (oligomers) employed to liquid heat 
transfer medium is in the range from 20:80 to 80:20 and wherein the 
polycondensation is carried out in the reaction mixture at 200° 
to 320° C. in the presence of a dispersion stabilizer. 

Furthermore, the polyesters and copolyester which can be prepared by the 
process and their use are described. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB Polymeric foams with novel chemical compositions are prepared by the 

condensation of specially-synthesized precursors, which contain (in 
addition to carbon and hydrogen) one or more of the following elements: 
oxygen, fluorine, nitrogen (in structures with stable chemical bonds) , 
silicon, boron, phosphorus (in high oxidation states) , and certain 
metals (and/or their oxides and hydroxides) . Upon mixing in the proper 
proportions and/or heating these precursors react rapidly to generate 
polymeric networks, consisting of heterocyclic crosslink centers, 
connected with heterochain segments; hydrogen is largely eliminated or 
replaced by fluorine. These structures possess inherent nonf lammabil ity 
and high thermoxidat ive stability. Foaming is effected by the gaseous 
by-products of the condensation reactions, as well as by the addition of 
foaming agents. The resulting foam products can be formulated to have a 
wide range of densities and flexibilities. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An azlactone-functional thermoplastic composition is disclosed, The 
composition is a blend of an azlactone-functional composition and a 
thermoplastic polymer. A method of making azlactone-functional 
homopolymers by bulk homopolymerization is disclosed, optionally also 
concurrent or sequential blending of a thermoplastic polymer. A method 
of blending azlactone-functional compositions and thermoplastic polymers 
is disclosed. Molded articles coupled with biologically active 
substances are claimed. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An azlactone-functional thermoplastic composition is disclosed. The 
composition is a blend of an azlactone-functional composition and a 
thermoplastic polymer. A method of making azlactone-functional 
homopolymers by bulk homopolymerization is disclosed, optionally also 
concurrent or sequential blending of a thermoplastic polymer. A method 
of blending azlactone-functional compositions and thermoplastic polymers 
is disclosed. Molded articles and adduct molded articles formed from the 
thermoplastic composition are disclosed. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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A flexible hosing for circulation of a heat transfer fluid to effect 
heat exchange within a concrete or other type of slab. An inner wall 
comprising nylon, rayon or other similar material forms an inner wall of 
the hosing to resist corrosive attack by the heat transfer fluid. A 
locator wire is embedded within the hosing for transmission of a 



locating signal so that the position of the hosing within the slab may 
be accurately determined. The wire may also serve as an electrical 
resistance heating element should the heat transfer fluid become frozen, 
or should it be desired that the heat exchange system be operated 
without an external boiler or other heat source. 
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A devolatilization apparatus is provided which removes volatiles from a 
variety of polymer products utilizing centrifugal forces to control the 
residence time of the polymer in the devolatilizer. Volatiles are 
efficiently removed without degrading the polymer product. The 
devolatilizer includes a rotatable annular chamber having an inlet, a 
first outlet located at a first distance from the axis of rotation of 
the chamber, and a second outlet located at a second distance from the 
axis of rotation of the chamber. Means are also provided for supplying a 
polymer, in liquid form, to the inlet to the annular chamber. The 
portion of the chamber located between the first and second outlets 
forms an annular pocket or subchamber. The apparatus also includes means 
to rotate the annular chamber at a speed sufficient to cause the liquid 
polymer to flow through the first and second outlets and form liquid 
seals at each of the outlets. A vacuum source communicating with the 
annular pocket is provided for removing the volatile constituents from 
the liquid polymer. 
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AB The invention is a jacketed polymer optical fiber which comprises: an 

optical fiber which comprises a core formed from a light transmitting 
polymeric material having a first refractive index and a cladding formed 
from a polymeric material having a second refractive index which is 
lower than the first refractive index; and a jacket about the optical 
fiber wherein the jacket comprises a chlorinated polyethylene. The 
jacketed fibers of this invention have a higher service temperature than 
polyethylene jacketed fibers. The jacketed polymer optical waveguides of 
this invention are jacketed under conditions such that the optical 
properties of the polymer optical waveguide are not substantially 
degraded. The jacketed polymer optical waveguides have relatively low 
brittleness at use temperatures, good rigidity, and good solvent 
resistance. They also contain no material which tend to migrate into the 
polymer optical waveguide. 
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A heat exchanger construction for melting snow, heating buildings or 
objects and transferring solar heat. The construction embodies a 
flexible, multilayered, reinforced composite hose embedded in or affixed 
to a slab or other body. The composite construction combines the 
advantages of metal, extruded rubber and plastic piping to produce 
substantial durability, pressure rating, resistance to oxygen 
permeation, temperature tolerance, and corrosion resistance, while 
remaining extremely flexible and thus easy to install. Three embodiments 
are described and illustrated. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A solventless prepolymer which is liquid at room temperature and cures 
at about 350° F. The novel prepolymer is formed from a rubber 
monomer; acrylonitrile or methacrylonitrile; and an ether derivative of 
methylol acrylamide. The ether is formed from methylol acrylamide and an 
alcohol which boils above the cure temperature of the prepolymer and 
which preferably is hexyl carbitol . The prepolymer is formed with 
sufficient chain transfer agent to establish a weight average molecular 
weight of the prepolymer less than about 25,000. The prepolymer is heat 
curable to form a solid polymer with excellent compression set, tensile 
strength, and fuel resistivity. The method of formulating these polymers 
is also disclosed. 
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AB 



A heat curable, solventless liquid prepolymer is prepared from a rubber 
monomer; a nitrile monomer such as acrylonitrile or methacrylonitrile; 
and a novel monomer having the following formula: ##STR1## The 
prepolymer is formed with sufficient chain transfer agent to establish a 
weight average molecular weight less than about 25,000. This low 
viscosity prepolymer is heat curable to form a solid rubber polymer 
suitable for use as a gasket. 
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A solvent less prepolymer which is liquid at room temperature and cures 
at about 350° F. The novel prepolymer is formed from a rubber 
monomer; acrylonitrile or methacrylonitrile; and an ether derivative of 
methylol acrylamide. The ether is formed from methylol acrylamide and an 
alcohol which boils above the cure temperature of the prepolymer and 
which preferably is hexyl carbitol . The prepolymer is formed with 
sufficient chain transfer agent to establish a weight average molecular 
weight of the prepolymer less than about 25,000. The prepolymer is heat 
curable to form a solid polymer with excellent compression set, tensile, 
strength, and fuel resistivity. The method of formulating these polymers 
is also disclosed. 
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AB A heat curable, solventless liquid prepolymer is prepared from a rubber 
monomer; a nitrile monomer such as acrylonitrile or methacrylonitrile ; 
and a novel monomer having the following formula: ##STR1## The 
prepolymer is formed with sufficient chain transfer agent to establish a 
weight average molecular weight less than about 25,000. This low 
viscosity prepolymer is heat curable to form a solid rubber polymer 
suitable for use as a gasket. 
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A heat curable, solventless liquid prepolymer formed from an 
N- (R-oxymethyl) acrylamide; a rubber monomer such as isoprene, butadiene 
or alkyl esters of acrylic acid; and a nitrile monomer such as 
acrylonitrile or methacrylonitrile . The prepolymer is formed with 
sufficient chain transfer agent to establish a weight average molecular 
weight which is less than about 25,000. The prepolymer is heat curable 
to form a solid polymer with excellent compression set, tensile strength 
and fuel resistance. The method of formulating these polymers is also 
disclosed. 
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Disclosed is a continuous bulk polymerization reactor comprising a 
cylindrical reaction vessel elongated in the direction of the reacting 
fluid and a shaft installed within the reaction vessel. A plurality of 
flow of double helical -ribbon agitators are attached to the shaft in 
such a way that they face in the same direction, and a plurality of 
baffles having a relative open area of 5 to 4 0% based on the 
cross-sectional area of the internal space of the reaction vessel, are 
disposed between any adjacent ones of the agitators. Thus the formation 
of stagnant fluid pockets is avoided and excellent piston flow 



properties are achieved. 
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This invention relates to a sheet metal structural shape for use in 
building construction having a generally box shape with outwardly 
extending flanges at one end of the substantially parallel sides and 
inwardly extending flanges at the other end of the parallel sides 
forming turned inward ends of the inwardly extending flanges and a 
closure between the ends of the outwardly extending flanges closing the 
space between the sides at that end. The sheet metal structural shape 
may be advantageously used as a structural shape in deck structures and 
in wall structures according to this invention. One deck structure of 
this invention uses the sheet metal structural shape as a sub-purlin, or 
purlin on short spans, supporting insulation on the bottom outwardly 
extending flanges and having roofing material fastened to the inwardly 
extending flanges at the top end of the structural shape. Thus, a deck 
is provided with at least a major portion of the insulation beneath the 
roof decking. The wall structure of this invention provides a wall which 
may be entirely erected from one side, providing especially suitable 
shaft and exterior wall construction. 
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AB This invention relates to a sheet metal structural shape for use in 

building construction having a generally box shape with outwardly 
extending flanges at one end of the substantially parallel sides and 
inwardly extending flanges at the other end of the parallel sides 
' forming a slot between the ends of the inwardly extending flanges and a 
closure between the ends of the outwardly extending flanges closing the 
space between the sides at that end. The sheet metal structural shape 
may be advantageously used as a structural shape in deck structures and 
in wall structures according to this invention. One deck structure of 
this invention uses the sheet metal structure shape as a sub-purlin, or 
purlin on short spans, supporting insulation on the bottom outwardly 
extending flanges and having sheet metal roofing material fastened to 
the inwardly extending flanges at the top end of the structural shape. 
Thus, a deck is provided with at least a major portion of the insulation 
beneath the steel roof decking. Additional insulation may be applied 
above the steel roof decking and/or poured concrete may be applied above 
the steel roof decking. The structures of this invention provide 
lightweight insulated fire resistant structures obtaining hourly fire 
ratings when preferred materials are used. The wall structure of this 
invention provides a wall which may be entirely erected from one side, 
providing especially suitable shaft wall construction. 
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A light weight, low cost, non- corroding, high efficiency solar energy 
collector is comprised of an absorber plate which is adapted to absorb 
solar energy in the form of heat and to transfer by conductance the heat 
to a heat exchange medium. The absorber plate has disposed therein a 
highly heat conductive filler which imparts increased thermal 
conductivity to the plastic material of the absorber plate, and an 
energy absorbing pigment; or a sheet of a transparent plastic material 
is employed which transmits solar energy to a heat exchange medium which 
has dissolved therein a dye or pigment of a solar energy absorbing 
color. For a greater thermal conductivity, the sheet of transparent 
plastic material may have disposed therein a thin sheet of metal which 
absorbs and conducts heat to a heat exchange medium. 
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A highly efficient solar heat collector characterized by a layer of 
light transmitting insulating (i.e., convection and infra-red radiation 
suppressing) material disposed between the outer surface of the 
collector and the heat absorptive layer thereof. Glass fibers are a 
particularly effective lightweight insulating material which may be 
used. Through use of flexible polymeric films, lightweight, low-cost 
solar heat collectors may be fabricated for conversion of existing 
structures to partial or complete solar heating. Either gaseous or 
liquid heat transfer fluids may be used. A novel gas -liquid heat 
exchange system is disclosed. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Resinous graft copolymers useful in adhesive formulations are prepared 

by polymerization of an alkoxystyrene with an olefinically unsaturated 
nitrile in a solution or dispersion of a rubber. The polymeric 
compositions can be applied to surfaces as a hot melt adhesive or 
solvent cement. Laminates formed with the resinous graft copolymers 
exhibit substantial lap shear strength. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Resins useful in adhesive formulations are prepared by polymerization of 

an alkoxystyrene with an olefinically unsaturated nitrile in a solution 
or dispersion of a rubber. The polymeric compositions can be applied to 
surfaces as a hot melt adhesive or solvent cement. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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SUMM Although the resins of this invention are particularly useful as hot 
melt adhesives or solvent cements, they are also useful as antistatic 
agents for polyolefin fibers and films and for polystyrene 
plastics. Furthermore, they are of value in forming films and other 
molded shapes. If desired, additives or other components commonly used 
in such compositions can be present. 

DETD Resins were prepared by copolymer i zing alpha -methoxystyrene and 

acrylonitrile in the presence of a rubbery polymer. Solprene* 1205 
rubber, a butadiene/styrene block copolymer with a 75/25, respectively, 
parts by weight composition and a Mooney viscosity of 47 ML-4 at 
212°F (ASTM D 1646-63) as the rubbery component, was dissolved in 
cyclohexane in the amounts shown in Table I. In Runs 1, 2, and 3, 
respectively, 1.90, 3.75, and 6.25 grams of Solprene* 1205 rubber were 
dissolved in 75 milliliters of cyclohexane in 10-ounce bottles. After 
addition of rubber and solvent the bottles were sealed with extracted 
rubber gaskets and perforated crown caps. The bottles were alternately 
evacuated and pressured with nitrogen through a hypodermic needle 
extending through the gasket to provide a nitrogen atmosphere in the 
bottles. The bottles were tumbled in a polymerization bath 
containing water as the heat transfer medium 

at 70°C until the rubber was dissolved. The bottles were removed 

from the bath, uncapped, and 9.0 grams alpha -methoxystyrene, 3.5 grams 

acrylonitrile, and 0.25 gram azobisisobutyronitrile were added to each 

bottle. The bottles were flushed as before with nitrogen and replaced in 

the polymerization bath for 5.5 hours at 70°C. The bottles were 

removed from the bath, and 0.25 gram azobisisobutyronitrile was added to 

each opened bottle, which was again purged of air with nitrogen. 

Polymerization was continued for 18.5 hours for a total of 24 hours by 

tumbling the bottles at 70°C. As the polymerization proceeded, 

the reaction medium took on the appearance of a latex, and the final 

products in the bottles were relatively fluid liquids with the 

appearance of latex. The contents of each bottle were poured into 

methanol to precipitate the resin. The resin was filtered out on a 

fluted paper and chopped in a Waring blendor in methanol, filtered to 

collect the product, and dried in a vacuum oven at about 150°F 



(66°C) . The products weighed 10.8, 12.7, and 15.5 grams, 
respectively, which correspond to conversions of the monomers, assuming 
complete recovery of the rubber charged, of 71, 72, and 74 weight 
percent. The weight percentage of Solprene* 1205 rubber incorporated in 
the products were calculated to be 18, 29, and 40. 
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SUMM The melt acidolysis polymerization method is useful for the preparation 
of liquid-crystal polymers (LCPs) . These polyester polymers are based on 
fully aromatic monomers and are prepared by an ester exchange reaction 
between acetoxyaryl groups and carboxylic acid groups with the 
elimination of acetic acid at a temperature above the crystalline 
melting point (T.sub.m) of the polymer produced. The temperature of the 
reaction will depend upon the particular monomers employed, but is 
typically between about 100° C. and about 4 00° C. The 
upper limit of the molecular weight of the polymers prepared by melt 
acidolysis polymerization, therefore, is determined by the ability to 
extrude the polymer from a melt autoclave. As the crystalline melting 
point of the polymer exceeds 300° C. , this factor becomes more 
significant. A conventional approach to increasing molecular weight in 
light of this factor involves the preparation of low-molecular-weight 
prepolymers by melt acidolysis followed by a subsequent solid-phase 
polymerization to achieve a polyester of the desired molecular weight. A 
second conventional approach to increasing molecular weight involves the 
preparation of high-melting liquid-crystal polymers in an 
inert heat transfer medium where the 

temperature of the stirred polymerization mixture is raised slowly over 
a matter of hours or days, presumably to ensure that the temperature of 
the reaction slurry remains below the melting temperature of the polymer 
as the molecular weight increases. 

SUMM More preferably, the surfactant comprises a "CO. sub. 2 -phobic" group 
along with a CO. sub. 2 -soluble group, such as a f luoropolymer . The 
CO. sub. 2 -phobic group may be a hydrophobic group, such as a 
polystyrene group, or a hydrophillic group such as carboxylic 
acid. Such copolymers can take many forms; exemplary forms are graft 
copolymers, random copolymers, and block copolymers. For example, one 
suitable copolymer is a copolymer of FOA and acrylic acid. 

DETD A 10 ml high pressure reactor with saphire windows is charged with 1.4 g 
(7.2 mmoles) of dimethyl terephthalate, 1 ml (1.113 g, 18 mmoles) of 
ethylene glycol, and 3 drops of concentrated sulfuric acid under flowing 
argon. After sealing, the reactor is heated to an internal temperature 
of 100° C. and charged with carbon dioxide at a pressure of 306 
bar (4500 psi) . The mixture consists of two phases. After 22 hours the 
pressure has increased to 333 bar (4900 psi) . The reactor is vented and 
cooled to ambient temperature. A waxy material is obtained in 
quantitative yield, which according to GPC in THF, with 
polystyrene calibration, the solid consists of oligomers up to 
M.sub.n =660 g . multidot . mol . sup . -1 . 

DETD A 10 ml high pressure reactor with saphire windows is charged with 2.705 
g (13.929 mmoles) of dimethyl terephthalate, 0.863 g (13.913 mmoles) of 
S ethylene glycol and 3 drops of concentrated sulfuric acid under argon. 
After sealing, a temperature of 100° C. and a carbon 

dioxide-pressure of 353 bar (5200 psi) is maintained for 18 hours. After 
venting and cooling to ambient temperature, a waxy solid is obtained in 
quantitative yield. According to GPC in THF with polystyrene 
calibration, the solid consists of oligomers up to M.sub.n =470 
g. multidot . mol . sup . -1 . 
DETD The procedure according to Example 18 is carried out with a graft- or 

blockcopolymer as surfactant. The graft- and blockcopolymers are any of 



PMMA- or polystyrene backbone polymers with 

poly (dimethylsiloxane) grafts, PMMA- or polystyrene backbone 
polymers with PFOA grafts, PMMA- or polystyrene backbone 

polymers with poly (perf luoroalkylether) grafts, poly (styrene-block-lH, 1H- 
perf luorooctylacrylate) , and poly (styrene-block-dimethylsiloxane) . 
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SUMM Polystyrene packaging containers have rapidly gained ground 

because of their handiness and versatility and found wide use as foamed 

polystyrene trays, containers for drinking water and the like. 

In recent years, however, there is a demand for as much reduction as 

possible of residual monomer and solvent in polystyrene* In 

general, volatile matters in styrenic resins manufactured by continuous 

mass polymerization or solution polymerization are removed by such 

procedures as flash devolitilization, extrusion devolitilization and 

membrane devolitilization. 

SUMM A polymer solution composition to which the method of this invention is 
applicable refers to a composition obtained by continuous mass or 
solution polymerization of an aromatic vinyl monomer alone or a mixture 
of an aromatic vinyl monomer and monomers copolymerizable with said 
aromatic vinyl monomer in the presence or absence of rubbery polymers. 
This polymer solution composition is obtained in the polymerization step 
in the manufacture of styrenic resins and contains volatile matters such 
as unreacted monomer and solvent added during the polymerization. 
Examples are polymer solutions obtained in the manufacture of styrenic 
resins by mass or solution polymerization, for example, 
polystyrene (GPPS) , rubber-modified polystyrene 

(HIPS) , styrene-acrylonitrile copolymers (SAN) , acrylonitrile-butadiene- 
styrene copolymers (ABS) , styrene -methyl methacrylate copolymers (MS) 
and methyl methacrylate-butadiene-styrene copolymers (MBS) . 

DETD The method of this invention can reduce the content of residual volatile 
matters to a level of 100 ppm or less by multi-stage devolatilization 
with a specified procedure for the last-stage devolatilization. Hence, 
aromatic vinyl resins produced by the method of this invention can be 
used widely as materials for food packaging particularly suitable for 
foamed polystyrene trays and containers of drinking water. 

CLM What is claimed is: 

1. In a method for removing unreacted monomers and other volatile 
matters from a polymer solution composition produced by continuous mass 
polymerization or continuous solution polymerization of an aromatic 
vinyl monomer alone or a mixture of an aromatic vinyl monomer and other 
monomers copolymerizable with said aromatic monomer in the presence or 
absence of rubbery polymers, a method for removing volatile matters from 
a polymer solution composition which comprises effecting removal of 
volatile matters in two stages with the use of two flash devolatizing 
vessels, adjusting the solid content of the polymer solution composition 
at the outlet of the devolatizer before the last-stage devolatizer to a 
level in excess of 97%, adding 0.5-4% by weight of a foaming agent to 
the total polymer solution composition during transfer of said 
composition from the outlet of the devolatizer before the last-stage 
devolatizer to the inlet of the last-stage devolatizer, passing said 
composition from the inlet of the last-stage devolatizer to a pressure 
controller while maintaining the pressure of said composition at 10 
kg/cm. sup. 2 or more by means of the pressure controller provided in the 
last-stage devolatizer or at the inlet of the last-stage devolatizer and 
maintaining the temperature of said composition in the range 
190-260° C, thereafter introducing the polymer solution 
composition to a vapor-liquid separation vessel kept at a vacuum of 20 
Torr or less and allowing said composition to foam, wherein the 



last-stage devolatizer is composed of a heating device and a 

vapor-liquid separation vessel arranged in succession, the heating 

device is a vertical multitubular heat exchanger consisting of flow 

tubes for polymers and a heat transfer 

medium/ heating is effected by the heating device at 

210-28 0° C. , and the amount of volatile matters in the polymer 

solution composition withdrawn from the outlet of the last-stage 

devolatizer is made 100 ppm by weight or less. 
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TI Highly rigid, high-tenacity impact-resistant polystyrene 

AB An anionically polymerized impact-modified polystyrene has a 

yield stress of at least 24 MPa, measured at 23° C. to DIN 53455 
and a hole impact strength of at least 11 kJ/m.sup.2, measured at 
23° C. to DIN 53753, measured in each case on a specimen produced 
to ISO 3167. A preparation process is described. 
SUMM The invention relates to an anionically polymerized, impact -modified 
polystyrene with high stiffness and toughness, and also to a 
process for its preparation. 

SUMM There is a variety of continuous and batch processes in solution or 
suspension for preparing impact -modified polystyrene. As 
described in Ullmanns Enzyklopadie, Vol A21, VCH Verlausesellschaf t 
Weinheim 1992, pp. 615-625. In these processes a rubber, usually 
polybutadiene, is dissolved in monomeric styrene and the styrene is 
free-radical polymerized via thermal or peroxidic initiation. Besides 
homopolymerization of styrene, graft polymerization of styrene onto 
polybutadiene also takes place. Consumption of the monomeric styrene 
with the formation of polystyrene gives rise to a "phase 
inversion". The properties of the impact-modified polystyrene 
are determined by the morphology, the particle size and the particle 
size distribution of the disperse rubber particles. These are dependent 
on a variety of process parameters, such as the viscosity of the rubber 
solution and sheer forces during stirring. 

SUMM Since the reaction mechanisms for free-radical and anionic 

polymerization of styrene differ, the process parameters known for 
free-radical preparation of impact-modified polystyrene are 
not directly transferable to the anionic polymerization of styrene in 
the presence of rubbers. For example, exclusive use of homopolybutadiene 
is not possible since no graft reactions occur in the anionic 
polymerization of styrene. 

SUMM It is an object of the present invention to provide an anionically 
polymerized, impact -modified polystyrene with high stiffness 
and toughness. The impact -modified polystyrene should be low 
in residual monomers and residual oligomers and have a low ethyl benzene 
content. A further object was to find an anionically polymerized 
impact-modified polystyrene with cell-particle morphology, and 
also a process for its preparation. 

SUMM We have found that this object is achieved by obtaining a novel 
impact -modified polystyrene via anionic polymerization of 
styrene in the presence of a rubber, the rubber used being a 
styrene-butadiene-styrene three-block copolymer with a styrene content 
of from 5 to 75% by weight, preferably from 25 to 50% by weight. 



SUMM 



The disperse soft phase of the novel impact -modified polystyrene 
preferably comprises a styrene-butadiene block copolymer and has 
cell-particle morphology. 



SUMM The novel impact -modified polystyrene may be obtained by 

anionic polymerization of styrene in the presence of a rubber. The 
rubber used here comprises a styrene-butadiene-styrene three-block 
copolymer with a styrene content of from 5 to 75% by weight, preferably 
from 25 to 50% by weight or a styrene-butadiene two-block copolymer or a 
mixture of a styrene-butadiene two-block copolymer with a 
homopolybutadiene, where the styrene-butadiene two-block copolymer or, 
respectively, the mixture has a styrene content of from 25 to 75% by 
weight, preferably from 30 to 50% by eight. 

SUMM The rubber content, based on the impact-modified polystyrene, 
is usefully from 5 to 25% by weight. 

SUMM A magnesium content of from 0.1 to 100 mmol/kg and/or an aluminum 
content of from 0.01 to 50 mmol/kg, based in each case on the 
impact -modified polystyrene, does not generally significantly 
impair mechanical properties. 

SUMM To increase elongation at break, from 0.1 to 10% by weight, preferably 
from 0.5 to 5% by weight, of mineral oil, based on the impact -modified 
polystyrene, may be added in the novel process. 

SUMM The content of styrene monomers in the impact -modified 

polystyrene is generally not more than 50 ppm, preferably not 
more than 10 ppm, and the content of styrene dimers and of styrene 
trimers is not more than 500 ppm, preferably not more than 200 ppm, 
particularly preferably less than 100 ppm. The ethylbenzene content is 
preferably below 5 ppm. 

SUMM The novel impact -modified polystyrene is suitable for 
producing fibers, films or moldings. 

DETD The molecular weights and molecular weight distributions were determined 
by gel permeation chromatography (GPC) in tetrahydrof uran and evaluating 
the resultant chroma tograms using calibration by polystyrene 
or by polybutadiene. 

DETD For the mechanical and physical tests on the impact -modified 
polystyrenes, compression-molded (DIN 16770--Part 1) and, 
respectively, injection-molded (ISO 3167) specimens were produced. Yield 
stress and elongation at break were determined at 23° C. to DIN 
53455. hole notched impact strength was determined to DIN 53753 at 
23° C. on compression-molded test specimens of dimensions 
50+6+4 mm (hole diameter: 3 mm) or on injection-molded test 
specimens of dimensions 80+10+4 mm. Unless stated otherwise, 
the tests were carried out on compression-molded test specimens. 

DETD The resultant butadiene- styrene block copolymer had an average molecular 
weight of Mw=308,000 g/mol and a polydispersity Mw/Mn of 1.09 
(determined by gel permeation chromatography, GPC, polystyrene 
calibration) . The residual butadiene content was less than 10 ppm. The 
styrene content was 37%; 9% of the butadiene fraction of the rubber was 
of the 1,2 -vinyl type (determined by 1H nuclear resonance spectroscopy) . 
The solution viscosity of a 5.43% strength solution of the rubber in 
toluene was 42 mPas . 

DETD After a few hours a stable equilibrium condition became established in 
all parts of the system. The pressure drop across the entire system was 
2.9 bar. The solids content was 26% by weight at the exit from the 
stirred-tank reactor, 58% by weight at the exit from the first tower 
reactor, and 73% by weight at the exit from the second tower reactor, 
corresponding to 10 0% monomer conversion. The polystyrene 
matrix had a molecular weight Mw of 164,500 g/mol and a polydispersity 
Mw/Mn of 2.95. The distribution was monomodal . Determinations on the 
impact -modified polystyrene gave a content of less than 5 ppm 
of styrene, less than 5 ppm of ethylbenzene and 83 ppm of toluene. The 



impact -modified polystyrene had a yield stress of 27 

N/mm.sup.2, elongation at break of 25% and hole notched impact strength 
of 12 kJ/m.sup.2. 

DETD After a short time a stable equilibrium condition became established in 
all parts of the system. The pressure drop across the entire system was 
2.2 bar. The solids content was 41% by weight at the exit from the 
stirred- tank reactor and 79% by weight at the exit from the tubular 
reactor, corresponding to 100% monomer conversion. The 
polystyrene matrix had a molecular weight Mw of 169,000 g/mol 
and a polydispersity Mw/Mn of 2.62. Determination gave a content of less 
than 5 ppm of styrene, less than 5 ppm of ethylbenzene and 102 ppm of 
toluene. The impact -modified polystyrene had a yield stress of 
29 N/mm.sup.2, elongation at break of 20% and hole notched impact 
strength of 11 kJ/m.sup.2. 

DETD The reactor used was a double-walled tubular reactor with an internal 
diameter of 29.7 mm and a length of 4200 mm. The tubular reactor was 
designed for a pressure of up to 100 bar and for a temperature of up to 
350° C. The tubular reactor was divided into two zones of equal 
length, each temperature-controlled via a cocurrently conducted 
heat-transfer medium. The temperatures of, respectively, the 
polymerization mixture and the heat- transfer 

medium were determined via three temperature sensors uniformly 
distributed over the reaction path. 

DETD After a short time stable conditions became established in all parts of 
the system. The pressure drop across the entire system was 2.1 bar. The 
solids content was 31% by weight at the end of the first section of the 
tubular reactor and 80% by weight at the exit from the tubular reactor. 
The polystyrene matrix had a molecular weight Mw of 185,000 
g/mol and a polydispersity Mw/Mn of 2.12. Determination gave a content 
of 12 ppm of styrene, less than 5 ppm of ethylbenzene and 87 ppm of 
toluene. The impact -modified polystyrene had a yield stress of 
26 N/mm.sup.2, elongation at break of 23% and hole notched impact 
strength of 11 kJ/m.sup.2. 

DETD After a few hours constant operating conditions became established. The 
solids content was 2 9% by weight at the exit from the first reactor and 
56% by weight after the first tower. Quantitative conversion was found 
at the exit from the continuous system. The pressure drop across the 
entire system was 2.3 bar. The polystyrene matrix had a 
molecular weight Mw of 162,4 00 g/mol and polydispersity Mw/Mn of 2.68. 
The distribution was monomodal . Determination gave a content of less 
than 5 ppm of styrene, less than 5 ppm of ethylbenzene and 112 ppm of 
toluene. The impact-modified polystyrene had a yield stress of 
17 N/mm.sup.2, elongation at break of 35% and hole notched impact 
strength of 14 kJ/m.sup.2. 

DETD After a short time constant operating conditions became established. The 
solids content was 36% by weight at the exit from the first reactor. 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molecular weight Mw of 
171,000 g/mol and polydispersity Mw/Mn of 2.83. The distribution was 
monomodal. Determination gave a content of less than 5 ppm of styrene, 
less than 5 ppm of ethylbenzene and 96 ppm of toluene. The 
impact-modified polystyrene had a yield stress of 20 

N/mm.sup.2, elongation at break of 36% and hole notched impact strength 
of 15 kJ/m.sup.2. 

DETD After a short time constant operating conditions became established. The 
solids content at the exit from the first reactor was 35% by weight. 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molar mass Mw of 171,000 
g/mol and a polydispersity Mw/Mn of 3.34. The distribution was 
monomodal . 

DETD After a short time constant operating conditions became established. The 
solids content at the exit from the first reactor was 35% by weight. 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molar mass Mw of 166,000 



DETD 



DETD 



DETD 



DETD 



DETD 



DETD 



CLM 



g/mol and a polydispersity Mw/Mn of 3.30. The distribution was 
monomoda 1 . 

After a few hours a stable equilibrium condition became established in 
all parts of the system. The pressure drop across the entire system was 
2.8 bar. The solids content was 37% by weight at the exit from the 
stirred-tank reactor, and 58% by weight at the exit from the first tower 
reactor. Quantitative conversion was found at the exit from the second 
tower reactor. The polystyrene matrix had a molar mass M.sub.w 
of 152,000 g/mol and polydispersity M . sub . w/M . sub . n of 2.62. The 
distribution was monomoda 1 . Determinations gave a content of less than 5 
ppm of styrene, less than 5 ppm of ethylbenzene and 52 ppm of toluene. 
The material had a yield stress of 28 N/mm.sup.2, hole notched impact 
strength of 13 kj/m.sup.2, heat distortion temperature (Vicat B/50) of 
94° C. and melt volume rate MVR at 200/5 (ISO 1133) of 3 . 9 
cm. sup. 3/10 min. An electron micrograph showed cellular particle 
morphology. The average particle diameter was 3.2 urn. 

After a short time constant operating conditions became established. The 
solids content at the exit from the first reactor was 35% by weight . 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molar mass Mw of 187,000 
g/mol and a polydispersity Mw/Mn of 2.83. The distribution was 
monomoda 1 . 

After a short time constant operating conditions became established. The 
solids content at the exit from the first reactor was 35% by weight. 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molar mass Mw of 173 00 0 
g/mol and a polydispersity Mw/Mn of 3.14. The distribution was 
monomoda 1 . 

After a short time constant operating conditions became established. The 
solids content at the exit from the first reactor was 34.9% by weight. 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molar mass Mw of 173,000 
g/mol and a polydispersity Mw/Mn of 3.06. The distribution was 
monomoda 1 . 

After a short time constant operating conditions became established. The 
solids content at the exit from the first reactor was 35% by weight. 
Quantitative conversion was found at the exit from the continuous 
system. The polystyrene matrix had a molar mass Mw of 158,000 
g/mol and a polydispersity Mw/Mn of 3.40. The distribution was 
monomoda 1 . 

After a short time constant operating conditions became established. The 

solids content at the exit from the first reactor was 35.9% by weight. 

Quantitative conversion was found at the exit from the continuous 

system. The polystyrene matrix had a molar mass Mw of 188,000 

g/mol and a polydispersity Mw/Mn of 2.98. The distribution was 

monomoda 1 . 

What is claimed is : 

1. An impact -modified polystyrene which has been obtained by 
polymerization of styrene in the presence of an asymmetric anionically 
polymerized styrene-butadiene-styrene three-block copolymer with a 
styrene content of from 5 to 75% by weight, wherein a polymerization of 
said three-block copolymer is carried out in the presence of an organic 
alkali metal compound, and wherein a polymerization of styrene is 
carried out in the presence of a trialkylaluminum compound and/or 
dialkylmagnes ium compound . 



2. An impact-modified polystyrene as claimed in claim 1, which 

has a disperse soft phase with cell -particle morphology and comprising a 

styrene-butadiene-styrene three-block copolymer. 



3. An impact-modified polystyrene as claimed in claim 1, which 
has been obtained by anionic polymerization of styrene in the presence 
of a styrene-butadiene styrene three-block copolymer with a styrene 
content of from 25 to 50% by weight. 



4. An impact-modified polystyrene as claimed in claim 1, 

wherein a specimen produced to ISO 3167 has a yield stress of at least 
24 Mpa, measures at 23° C. to DIN 53455, and a hole notched 
impact strength of at least 11 kJ/m.sup.2, measured at 23° C. to 
DIN 53753. 

5. An impact-modified polystyrene as claimed in claim 1, which 

has been obtained by anionic polymerization of styrene in the presence 
of an asymmetric styrene -butadiene -styrene three-block copolymer 

5. sub. 1-B-S . sub. 2 , where S.sub.l is a styrene block with a 

weight -average molar mass M.sub.w of from 5000 to 100000 g/mol , B is a 
butadiene block with a weight -average molar mass M.sub.w of from 12000 
to 500000 g/mol and S.sub.2 is a styrene block with a weight -average 
molar mass M.sub.w of from 30000 to 300000 g/mol. 

6. An impact-modified polystyrene as claimed in claim 1, 

wherein the content of styrene monomers is not more than 5 0 ppm and the 
content of styrene dimers and styrene trimers is not more than 500 ppm. 

7. An impact -modified polystyrene as claimed in claim 1, 
wherein the content of ethyl benzene is below 5 ppm. 

8. An impact -modified polystyrene as claimed in claim 1, which 

has a magnesium content of from 0 . 1 to 100 mmol/kg and/or an aluminum 
content of from 0.01 to 50 mmol/kg, in each case based on the 
impact -modified polystyrene, 

10. A process for preparing impact -modified polystyrene by 
polymerization of styrene in the presence of a rubber, which comprises 
using, as rubber, an asymmetric anionically polymerized 
styrene-butadiene-styrene three-block copolymer with a styrene content 
of from 5 to 75% by weight, wherein a polymerization of said three-block 
copolymer is carried out in the presence of an organic alkali metal 
compound, and wherein a polymerization of styrene is carried out in the 
presence of a trialkylaluminum compound and/or di a Iky 1 magnesium 
compound . 

11. A process for preparing impact -modified polystyrene as 

claimed in claim 10, wherein the polymerization of styrene is carried 
out in the presence of a trialkylaluminum compound and/or 
dialkylmagnesium compound. 

12. A process for preparing impact -modified polystyrene as 

claimed in claim 10, where the polymerization is carried out in toluene 
as solvent. 

13. A fiber, a film or a molding produced from impact-modified 
polystyrene as claimed in claim 1. 
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